Low-temperature magnetoresistance measurements were used to characterize the superconducting state and the electronic structure of the quasi one-dimensional salt (DMET-TSeF) 2 AuI 2 . The measurements revealed an essential role of small pressure created by grease molding. The small pressure suppressed the resistance jumps so that the intrinsic properties of the salt were clearly observed. The upper critical fields were determined for all three principal crystallographic directions. In contrast to strain-free samples, slightly pressurized samples show clear angle-dependent magnetoresistance oscillations related to the Fermi surface topology, demonstrating close similarity to the (TMTSF) 2 X salts.
The charge transfer salt (DMET-TSeF) 2 AuI 2 (DMETTSeF: dimethylethylendithiotetraselena-fulvalene), which exhibits superconductivity at the transition temperature T c of $1 K, possesses a quasi one-dimensional (Q1D) Fermi surface comprising two warped sheets. 1) This simple electronic structure makes (DMET-TSeF) 2 AuI 2 very attractive for studying the physics of low-dimensional electron gas. As a distinct signature of its low-dimensionality, the salt shows a cascade of field-induced spin density wave (FISDW) phases in magnetic fields higher than $8 T. 2) Consequently, (DMET-TSeF) 2 X, where X represents a linear counter anion, can be regarded as a new reference Q1D material, complementary to (TMTSF) 2 X, whose interesting properties are the subject of intensive debate and controversy. [3] [4] [5] The salt of (DMET-TSeF) 2 AuI 2 may be a desirable material for advancing this argument, since it is a superconductor at ambient pressure and is free from complexities arising from an anion disorder, in contrast to (TMTSF) 2 PF 6 and (TMTSF) 2 ClO 4 . 6) In reality, however, it was found that (DMET-TSeF) 2 AuI 2 is not quite the same as (TMTSF) 2 X. (DMET-TSeF) 2 AuI 2 is reported to exhibit complex angle-dependent magnetoresistance oscillations (AMROs) reflecting the Fermi surface topology 7) and shows anomalous behavior near 0.3 K. 8) In this paper, we report that the intrinsic properties of (DMET-TSeF) 2 AuI 2 can be revealed by applying a small pressure through molding (thick coating) with Apiezon grease. The induced pressure 9) eliminates the 0.3 K anomaly and enables clear observation of AMROs. We relate this difference to the suppression of resistance jumps during cooling. Similar to (TMTSF) 2 X, the resistance jumps are particularly prominent in the inplane resistance and are considered to be due to a lattice deformation.
Single crystals of (DMET-TSeF) 2 AuI 2 were grown by an electrochemical oxidation method.
1) The crystals were needlelike with typical dimensions of 1 Â 0:1 Â 0:1 mm 3 .
We fabricated six electrodes in order to measure both the inplane R k and inter-plane R ? resistances. We present here only the results for R ? due to the higher signal-to-noise ratio. We used two crystals; one was molded with Apiezon N grease 10, 11) (#1) and the other was without grease (#2). Both R k and R ? decreased monotonically on cooling from room temperature to the superconducting T c by a factor of $400. Their temperature dependences can be well described by a power law of R / T a with a ¼ 1:5{1:7. The samples were cooled at a rate of $1 K/min to 1.5 K in the chamber of a top-loading dilution refrigerator; the cooling to 30 mK took about 10 h.
The samples were oriented with a double-axis rotator with a precision of 0.01 in magnetic fields up to 17 T. Magnetic field alignment parallel to the plane was achieved based on the angular dependence of resistance at H % 0:9H c2 with a precision of 0.1 . Perpendicular alignment of the field was achieved by choosing the Lebed magic angle that gives a local minimum (dip) in resistance angular dependence at low temperatures and high magnetic fields.
Figures 1(a) and 1(b) show the resistive transitions to the superconducting state under the magnetic fields along the a and b 0 axes, 12) respectively, for the grease-molded sample. The resistance for each temperature sweep is normalized by the value at T ¼ 1:1 K, immediately above the superconductivity transition. The resistive transition is broad; its width (determined between onset-and end-junction points) in a zero field is $0:6 K and increases with the field. The zero-resistance state is not reached in high fields even when the resistance decrease is clearly observed. An applied field monotonically reduces the onset temperature of the resistance decrease. This is in contrast to the resistance decrease near 0.3 K observed for the grease-free sample, irrespective of the field strength in the high-field region, as shown in Fig. 2 . The resistance decrease near 0.3 K for the grease-free sample was observed in all field directions. 8) Assuming that the onset of the resistance decrease represents that of the superconductivity, the temperature dependence of the upper critical field H c2 is obtained for three principal directions for the grease-molded sample, as shown in Fig. 3 . The determination of H c2 in the lowtemperature region (<0:4 K) is abandoned due to the resistance change being rather small. The Ginzburg-Landau coherence lengths at 0 K are estimated based on the initial slopes of H c2 ðTÞ near T c as a ð0Þ ' 100 nm, b 0 ð0Þ ' 2 nm and c 0 ð0Þ ' 40 nm. These values are slighly higher than those of (TMTSF) 2 X, 6) and b 0 ð0Þ is almost comparable to the interlayer distance of 1.6 nm. 1) Figure 4 shows the dependence of resistance on the magnetic field along the principal crystallographic axes at fixed T for the grease-molded sample. In contrast to the case for the a and c 0 axes (inset in Fig. 4) , a series of kinks is observed for the magnetic field along the b 0 axis, which is , corresponding to the angle of the crystal structure.
1) Clear dips are found in high magnetic fields at À90 , À48 , À34 , À15 , 8 , 29 , 44 and 90 . A similar structure was also reported for a sister compound, (DMET-TSeF) 2 AuCl 2 .
7) Both cases can be interpreted in terms of geometric oscillations. 15, 16) The clear AMROs in (DMET-TSeF) 2 AuI 2 without the reported complexity 7) are observed only in the grease-molded sample. The dips arise from the geometric commensurate motion of the electrons on the Fermi surface and can be described by the following equation
where b, c, , , are the lattice parameters, and p and q are integers. 15, 16) Using the lattice parameters in ref. 1 , we obtain
This relation describes all of the dips appearing in Fig. 5 . It is of note that when the magnetic field was rotated in the ab 0 plane, Danner-Chaikin oscillations were found in (DMETTSeF) 2 AuI 2 as well as (TMTSF) 2 ClO 4 . 17) These findings indicate that the weakly pressurized crystals reveal all of the varieties of one-dimensional magnetoresistance oscillations, determined by the topology of the Fermi surface, similar to those of (TMTSF) 2 X, except for the rapid oscillations.
The present results show that the anomaly observed near 0.3 K in magnetic fields and the complex structure of AMROs for strain-free samples can be ascribed to the resistance jumps introduced by a disordered structure. Since the resistance anomaly appearing at 0.3 K is observed in the grease-free samples irrespective of the field direction and strength, we assumed that a structural phase transformation occurs in this Q1D compound. 8) Contrary to this idea, however, the periodicity of ð 0 HÞ À1 ' 0:011 T À1 arising from the FISDW transitions in the grease-free sample at T ¼ 30 mK (shown as #2 in Fig. 6 ) is almost the same as that at T ¼ 0:5 K. 2, 14) In addition, the periodicity of the FISDW transitions does not change with or without the grease molding as shown in Fig. 6 . These findings imply that application of a small pressure does not have a substantial effect on the nesting condition of the Q1D Fermi surface despite the suppression of the resistance decrease at $0:3 K. We ascribe the 0.3 K anomaly in the grease-free samples to their deformed structure.
With respect to superconductivity, the onset of the resistive transition varies from sample to sample near $1 K, but the effect of grease molding was not noted. Moreover, the transition is broad and the zero resistance state is suppressed with the increase of the magnetic field, resulting in difficulty in the determination of the onset point of the resistance decrease, as shown in Fig. 1 . The detection of the superconducting transition with the magnetic susceptibility and the specific heat measurements were not successful, probably due to the small size of the samples.
In conclusion, we observed clear angle-dependent magnetoresistance oscillations arising from the geometric commensurate motion of electrons in the Q1D organic conductor (DMET-TSeF) 2 AuI 2 , whose resistance anomaly at $0:3 K is suppressed by a small pressure generated by grease molding. We found no effect of pressure on the periodicity of the field-induced spin density wave transitions, showing that the pressure does not change the nesting condition of the Q1D Fermi surface. The superconducting resistive transition is broad, probably due to structural inhomogeneity. The Ginzburg-Landau coherence lengths estimated from the initial slope of the H c2 ðTÞ are comparable to those of (TMTSF) 2 X salts. The upturn anomalies reported for the upper critical field of (TMTSF) 2 X in parallel magnetic fields were not confirmed due to the broadness in the transition characteristics.
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